FLIGHT CONTROL METHOD AND APPARATUS TO PRODUCE INDUCED YAW 



DESCRIPTION 



[Para 1] BACKGROUND 

[Para 2] The present invention generally relates to flight control dynamics of 
aircraft. More specifically, the present invention relates to flight control 
dynamics of aircraft which allows a stable coordinated turn without the use of 
a rudder. 

[Para 3] To perform a stable coordinated turn with a fixed wing aircraft, 
requires the simultaneous use of a horizontal tail, ailerons, and a rudder. The 
horizontal tail is used for pitch of the aircraft. The ailerons generates 
increased lift on the outboard wing of the turn and decreased lift on the 
inboard wing of the turn. The rudder counterbalances adverse yaw generated 
by positioning of the ailerons. From aerodynamic theory, it is know that 
having a finite 3-dimensional airfoil such as a wing in a flow will produce 3- 
dimensional flow about the airfoil. When freestream air flow encounters a 
wing, a pressure differential forms between both the top and bottom wing 
surfaces, which produces lift. The difference in pressure about the wing also 
causes lateral flow under the wing which curls around the wingtips and creates 
tip vortices. The tip vortices in turn produce downwash. The downwash has 
the effect of increasing the local angle of attack about the wing, which creates 
additional drag. This entire process is known for producing induced drag of 
an aircraft. It is known that when using an aileron on a wing section, the lift 
coefficient of the wing section is changed due to movement of the aileron. In 
effect movement of the aileron changes the shape of the airfoil of the wing 
section and alters the amount of lift produced. With the increase in lift 
produced by a wing section due to the change in lift coefficient by the aileron, 
there is a change in drag on that wing section. With the decrease in lift 
produced by a wing section due to the change in lift coefficient by the aileron, 
there is also a change in drag on that wing section. In a banked turn, the 
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outboard wing section experiences an increase in lift and the inboard wing 
section experiences a decrease in lift. With this, the outboard section 
experiences an increase in drag greater than the drag observed on the inboard 
wing section. This difference in drag in relation to each wing section creates 
the effect of adverse yaw on the wing. It is adverse yaw which requires the use 
of a rudder to counteract the adverse yaw. 

[Para 4] It is an object of the present invention to provide to a flight 

control means to overcome the requirement of a rudder to make a stable 
coordinated turn with an aircraft. 

[Para 5] SUMMARY OF THE INVENTION 

[Para 6] A method of controlling an aircraft in a turn without the use of 

a rudder by producing induced yaw. Induced yaw being produced by creating 
a net induced drag differential between an inboard wing to the turn and an 
outboard wing to the turn, whereby the net induced drag differential 
overcomes adverse yaw produced by the outboard wing. 

[Para 7] BRIEF DESCRIPTION OF DRAWINGS 

[Para 8] Fig. 1 is a schematic depiction of a flight control means according to 
the present invention. 

[Para 9] Fig. 2 is a top view of a wind tunnel model according to the present 
invention. 

[Para 1 0] Fig. 3 is a perspective exploded view of a wind tunnel model of Fig. 
2 according to the present invention. 

[Para 1 1 ] Fig. 4 is plot of yaw moment of the wind tunnel model of Fig. 2 
according to the present invention. 

[Para 1 2] Fig. 5 is plot of roll of the wind tunnel model of Fig. 2 according to 
the present invention. 

[Para 1 3] Fig. 6 is a schematic view articulating winglets according to the 
present invention. 
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[Para 1 4] Fig. 7 is a schematic view articulating winglets according to the 
present invention. 

[Para 1 5] Fig. 8 is a schematic view articulating winglets according to the 
present invention. 

[Para 16] DETAILED DESCRIPTION 

[Para 1 7] The present invention is a flight control method and apparatus 
to provide aircraft flight control for a stable coordinated turn without the use 
of a rudder. Using aerodynamic theory, it is known to produce a banked turn 
by adjusting lift produced on the outboard wing and inboard wing of an 
aircraft. Typically, some form of aileron on each wing is used to adjust the lift 
of the outboard and inboard wings during a turn. The aileron is usually a 
hinged surface in the same coordinate plane as the wing near outside ends of 
the outboard and inboard wings and along the trailing edge of the outboard 
and inboard wings. A element which is in the same coordinate plane as the 
wing is referred to as being coplanar. The hinged aileron surface moves up 
and down within the air flow over the inboard and outboard wings and such 
movement changes the lift coefficient of each the inboard and outboard wings. 
The problem is that by increasing the lift of the outboard wing, the amount 
drag is increased on the outboard wing and creates adverse yaw. It is the 
adverse yaw in a turn which requires a vertical tail rudder to counteract the 
adverse yaw. Part of the increased drag is attributed to the created tip vortex 
at the outside ends of the wing. 

[Para 1 8] The present invention uses the concept of increasing the 
effective aspect ratio of the outboard wing to spoil the tip vortex on the 
outboard wing, to reduce the downwash coming off the outboard wing and 
reduce the induced drag experienced by the outboard wing. At the same time 
the present invention uses the concept of decreasing the effective aspect ratio 
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of the inboard wing to increase the tip vortex and increase the induced drag 
experienced by the inboard wing. The flight control method of the present 
invention creates a net induced drag differential between the inboard and 
outboard wings, whereby there is a higher amount of induced drag 
experienced by the inboard wing than by the outboard wing. The net induced 
drag differential where the inboard wing experiences more induce drag 
overcomes the adverse yaw produced by the outboard wing and the wing is 
therefore producing yaw without the necessity of any vertical control surfaces 
whatsoever. The present invention defines yaw produced by the net induced 
drag differential where the induced drag experienced by the inboard wing is 
greater than by the outboard wing as Induced Yaw. The flight control method 
of the present invention employs adaptive control surfaces as part of the 
inboard and outboard wings that can produce both lift and yaw 
simultaneously, eliminating the need for a rudder. 

[Para 1 9] The present invention would uses control surfaces on the 
outboard and inboard wings to provide a variable planform to create and 
utilize Induced Yaw. Induced drag coefficient is computed using the following 
Induced Drag Coefficient equation. 

[Para 20] C D i = (Cl) 2 / ( tt * AR), where Cl and AR are the airfoil lift 
coefficient and wing aspect ratio respectively. A typical wing planform 
behavior can be described by the Induced Drag Coefficient equation. The 
flight control method employs adjustable coplanar winglets on the ends of the 
inboard and outboard wings. The coplanar winglets are independently 
adjustable in size on each end of the inboard and outboard wings. By 
increasing the size of the coplanar winglet on the outboard wing, the effective 
aspect ratio of the outboard wing can be increased, which will in turn lower the 
induced drag coefficient and the drag experienced by the outboard wing. By 
decreasing the size of the coplanar winglet on the inboard wing, the effective 
aspect ratio of the inboard wing is lowered, which increases the induced drag 
experienced by the inboard wing. Having a larger sized winglet on the 
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outboard wing, as compared to the inboard wing, produces an asymmetric 
wing with a net induced drag differential. 

[Para 21] Since induced drag is the product of a 3 dimensional wing, it 
makes sense that changing the shape of the wing will change the amount of 
induced drag. However, the Induced Drag Coefficient equation was derived for 
a symmetric wing planform, as asymmetric wings have not been of interest to 
researchers. Wind tunnel tests show that induced drag is not simply a function 
of the wing aspect ratio, but the effective aspect ratios of each wing half. This 
is to say that if the planform is varied disproportionately and hence the 
effective aspect ratio is varied, it will be observed that there are differing drag 
characteristics on each half of the wing. And the wing half with the lower 
effective aspect ratio will exhibit a lower coefficient of induced drag. Added 
wingtip extensions which are coplanar to the wing will also produce lift. 
Varying the planform by varying the coplanar winglet area on both wing halves 
during flight, provides control surfaces that can simultaneously produce lift 
and yaw. And if the wing and winglets are designed properly, then induced 
yaw of the winglet will meet or exceed the adverse yaw generated by the 
increase in wing area. Meeting or exceeding the adverse yaw removes the 
requirement of an aircraft to have a rudder to make a banked turn. Fig. 1 
shows a schematic interpretation of the net induced drag differential using 
adjustable coplanar winglets. 

[Para 22] To test the effect of induced yaw, a wind tunnel model was 
designed and constructed based on the above concept of asymmetric winglets 
to turn an aircraft without a rudder. The wind tunnel model included a 
standard rectangular wing 1 0 and two detachable asymmetric winglets 12,14 
attached to the ends of the rectangular wing, as shown in Figs. 2-3. The 
rectangular wing 1 0 is a single plywood high-lift rectangular airfoil. Figs. 4-5 
represent the measured yawing and rolling moments experienced by the wind 
tunnel model of Figs. 2-3. The wind tunnel model was tested at fixed wind 
velocity of one-hundred-and-three (1 03) feet-per-second for different 
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degrees of angle of attack (alpha). The data of Fig. 4 is the yawing moment 
experienced by the wind tunnel model at a velocity where positive values 
represent a rotation in the direction of the planned left turn. Referencing Fig. 
2, the positive yawing moments would be acting in the counter clockwise 
direction. The data of Fig. 5 is the rolling moment experienced by the wind 
tunnel model at a velocity where positive values represent a roll in the 
direction of the planned left turn. Referencing Fig. 2, the positive rolling 
moments would represent a roll to the left, that is the left half or inboard wing 
section would dip while the right half or outboard wing section would rise. 
The data shows that it is possible to have a simultaneous increase in lift and 
reduction in drag on a given wing section. The data also demonstrates that an 
aircraft planform can be varied to produce disproportional induce drag and 
thus yaw across a 3-dimensional wing. Whereby, increasing the induced drag 
on the inboard wing section and decreasing the induced drag on the outboard 
wing section creates a wing which turns without the negative effects of adverse 
yaw. 

[Para 23] Figs. 6-8 schematically show a few examples of the possible 

solutions to providing articulating coplanar winglets to adjust the size of the 
winglets on both halves of the wing. Fig. 6 shows winglets 1 6 hinged to the 
ends of the wing 1 8, which rotate about the ends of wing 1 8. Fig. 7 shows 
telescoping winglets 20 at the ends of the wing 1 8, which move in and out of 
the wing 1 8. Fig. 8 shows winglets 22 which can fan out into a larger size at 
the ends of the wing 1 8. While different embodiments of the invention have 
been described in detail herein, it will be appreciated by those skilled in the art 
that various modifications and alternatives to the embodiments could be 
developed in light of the overall teachings of the disclosure. Accordingly, the 
particular arrangements are illustrative only and are not limiting as to the 
scope of the invention that is to be given the full breadth of any and all 
equivalents thereof. 
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